We present multi-color CCD photometry of the neglected contact binary XZ Leo. Completely covered VRI band light curves and four times of minimum light were obtained. Combining the photometric and previously published radial velocity data, a revised photometric analysis was carried out for the binary system by applying the Wilson-Devinney code. With a hot spot placed on the massive primary component near the neck region of the common envelope, the light curves were satisfactorily modeled. The photometric solution combined with the radial velocity solution reveals that XZ Leo is an A-type contact binary with a degree of contact of 24(±1)%. The absolute parameters of the components were determined as
INTRODUCTION

The light variation of XZ Leo (BD + 17
• 2165, GSC 01412-01030) was discovered by Hoffmeister (1934) . Prichodko (1947) pointed out this system was a W UMatype contact binary. The first photoelectric light curves of XZ Leo were obtained by Hoffmann (1984) and were analyzed by Niarchos et al. (1994) . They noted that the light curves presented asymmetries between the first and second light maxima and that the second maxima was slightly displaced to phase 0.76. They suggested that there might be two hot spots on both components located near the neck region of the common envelope. Subsequently, Rucinski & Lu (1999) obtained the radialvelocity curves of this system. The radial-velocity solution revealed a mass ratio of 0.348 (±0.029) for the binary system based on mass -centered sinusoids. About ten years later complete BVRI light curves were obtained by Lee et al. (2006) . They claimed a blue third light and a hot spot near the neck of the primary component in their model. The solutions suggested that the system is a deep contact binary (f=33.6%) with a small difference in temperature of △(T 1 − T 2 ) = 126K. Combining with the radial-velocity curves (Rucinski & Lu 1999) , they determined the absolute parameters of XZ Leo as follows: M 1 = 1.84M ⊙ , M 2 = 0.63M ⊙ , R 1 = 1.75R ⊙ , R 2 = 1.10R ⊙ , L 1 = 7.19L ⊙ , L 2 = 2.66L ⊙ . They also investigated all minimum light times to find the period increase at a rate of dP/dt = +8.20 × 10 −8 days yr −1 for XZ Leo following Qian (2001a) . They suggested that the continuous period increase of XZ Leo could be due to mass transfer from the secondary to the primary component and indicate that this system was undergoing an or-bital expanding stage of Thermal Relaxation Oscillation (TRO) cycles, as suggested by Qian (2001b) . Therefore XZ Leo is a potentially key example as predicted by TRO theory, but there have been very few analyses of this system although it has been known for many decades.
Therefore, we have carried out new photometric observations of the binary. We present the multi-color CCD light curves in V, R, and I bands and analyzed the light curves with the Wilson -Devinney (W-D) code. The new photometric solutions of the system are derived and the absolute parameters are determined by combining spectroscopic with photometric solutions. Moreover, the variations in the orbital period of XZ Leo are analyzed. Period investigations are important in close binary studies, because they can not only provide information about some important physical processes (mass transfer, magnetic activity cycles), but also can give us a hint of the evolutionary stage of the binaries. To obtain an accurate period and period changes, long-time-span data sets and the precise times of light minimum data are important and necessary. Here, we collected all available original data of XZ Leo to obtain reliable results. Finally, based on the period changes and the photometric solutions of XZ Leo, the geometric structure and evolutionary stage of this system are discussed .
PHOTOMETRIC OBSERVATIONS
New CCD photometric observations of XZ Leo in V-, R-, and I-bands were made on three nights in 2014 (February 24, 27 and March 9) with the 85 cm reflecting telescope at Xinglong station of the National Astronomical Observatory, Chinese Academy of Sciences (NAOC). A 1024 × 1024 PI CCD camera and a standard JohnsonCousins -Bessel multicolor filter system were used during the observation (Zhou et al. 2009 ). The effective field of view is 16.
′ 5 × 16. ′ 5. A total of 2110 individual observations were obtained in the three band passes (735 in V, 732 in R and 643 in I), which covered a timespan of about 24 hr. The twilight sky flat , bias and dark frames were taken on each observing day, which were processed with the standard routines of CCDPROC in the IRAF package at first. Then, the instrumental magnitudes of stars detected in the program field were obtained by PHOT of the aperture photometry package of IRAF. A star near the variable star was chosen as the comparison star (TYC 1412-247-1), which has a brightness and color similar to that of the variable star. Another star in the same field of view was selected as the check star (BD+17 2163a, GSC 01412-00423). The differential magnitudes of these stars were extracted in each frame. The corresponding coordinates of XZ Leo, the comparison and check stars are shown in Table 1 . Complete light curves in the V, R, and I bands are displayed in Figure 1 with open circles, where phases were computed using a period of 0.487739 days. This period is reconfirmed with the new data in this paper.
As shown in Figure 1 , the observational light curves with open circles are typical EW-type light curves where the depths of both light minimum are nearly the same. The light curves do not show the O'Connell effects (different heights of the two light maximum) of unequal light levels at the quadratures beyond the limits of the the observational error of about ±0.01 Mag. But the maxima I (phase =0.25) and maxima II (phase =0.75) of the light curves are displaced to around phases 0.24 and 0.76 respectively, which are shown in Figure 2 . The solid line is the maxima I at phase =0.25 and maxima II at phase =0.75 (upper panel) and the dotted line are phases at 0.24 and 0.76 (lower panel). These very same displacements are also found by Niarchos (1993) in the Hoffmann (1984) light curve as well as in the Lee et al. (2006) light curves. That means this displacement of the maxima is a long-term effect probably indicative of a long-term asymmetry in the system. In our observations, a total of 4 eclipses of the contact binary XZ Leo were covered, including 2 primary and 2 secondary ones. By applying the K-W method (Kwee & van Woerden 1956) , the epochs of minimum light with the mean values of V, R and I filters were determined as given in Table 2 .
PHOTOMETRIC SOLUTIONS WITH THE W-D METHOD
Combining the photometric and radial velocity data, the light curves in the V, R and I bands were analyzed using the W-D program (Wilson & Devinney 1971 ; Wilson 1979 , 1990 , 1994 , Wilson & Van Hamme 2003 . We also assumed an effective temperature to be T1=7160 K for the primary component (the star eclipsed at primary minimum), which was averaged from Harmanec's (1988) and Flower's (1996) tables corresponding to the spectral type A8V by the spectroscopy and the color index in the Hipparcos and Tycho Catalogues . The gravity-darkening coefficients g1 = g2 = 1.0 (Lucy 1967) and the bolometric albedos A1 = A2 = 1.0 (Rucinski 1969) were used, because each component should have a radiative envelope or at most a shallow convective atmosphere . The initial mass ratio q was fixed to the spectroscopic mass ratio q = 0.348(±0.029) obtained by Rucinski & Lu (1999) . A nonlinear limbdarkening law with a logarithmic form was applied in the light-curves synthesis. The initial bolometric (X 1 , X 2 , Y 1 , Y 2 ) and monochromatic limb-darkening coeffi- -CCD photometric light curves in the V-, R-, and Ibands obtained using the 85 cm telescope at NAOC on 2014 February 24, 27 and March 9. Open circles denote the observational data in V-, R-, and I-bands. The solid line represents the theoretical light curves calculated using the W-D method discussed in Section 3. cients (x 1 , x 2 , y 1 , y 2 ,) of the components were taken from Van Hamme (1993), which are listed in table 3. The adjustable parameters are as follows: mass ratio, q, the inclination, i, the mean temperature of star 2, T2, the monochromatic luminosity of star 1, L 1V , L 1R , and L 1I , and the dimensionless potentials of star 1 and star 2 (Ω 1 = Ω 2 for mode 3).
As we have discussed in the above section that the light curves of XZ Leo show light maxima displacement. Initially, when no other physical processes are added into the binary model, we can not obtain a satisfactory fitting of the light curves. In order to solve this problem, a spot model was introduced. Since the displacement of light maxima were noticed in all the light curves obtained by Hoffmann (1984) , Lee et al. (2006) and the present observations, it seems to be a long-lived phenomenon, which could not be caused by a cool spot related to magnetic activity. Qian (2001a) and Lee et al. (2006) found that the orbital period of XZ Leo was continuously increasing, suggesting probable mass transfer from the less-massive secondary to the primary component. There are four spot parameters for each spot in the W-D program: the spot temperature (T s =T d /T 0 , T s is the ratio between the spot temperature T d and the photosphere surface temperature T 0 of the star), the spot angular radius (r s ) in radians, the co-latitude of the spot center (θ) in degrees and longitude of the spot center (φ) in degrees. The preliminary spot longitude could be found approximately using the phases of spot distortion in the light curves. The other three parameters were calculated by fitting the theoretical light curves based on the observational data. Finally, the best fitting of the photometric solutions were obtained with a hot spot. The observed data (marked with open circles) and the theoretical light curves (marked with solid lines) are shown in Figure 1 . The results and the parameters of the hot spot are shown in Table 3 . The corresponding geometric structure of the system with the hot spot is plotted in Figure 4 . The hot spot is located on the primary star near the neck region of the common envelope. In order to investigate orbital period variations of XZ Leo, all available times of minimum light were collected from the available literature and the database O-C gateway (http://var.astro.cz.ocgate/).
ORBITAL PERIOD VARIATIONS OF XZ LEO
Adding the four times of minimum light in this paper, 234 times of minimum light were collected, in which 72 to visual, 35 to Photograph, 128 to photoelectric(Pe) and CCD. The Pe and CCD times of light minimum for XZ Leo are listed in Table 4 , where the second column shows the types of eclipses, and the notation p and s refers to the primary and the secondary minima, respectively. The third column shows the observation method. The corresponding Epoch and O-C values are listed in the forth and fifth columns based on the linear ephemeris
Then, together with all of the eclipse times data, the following quadratic ephemeris was derived by using the least-squares method:
The O-C fit curves for XZ Leo are plotted in the upper panel of Figure 5 with solid lines. The observational data are plotted with open circles (Photoelectric and CCD data), triangles (Visual data) and plus signs (Photographic data). Based on this ephemeris, a continuous period increase rate dP/dt = +8.15 × 10 −8 days yr
was derived. This results is nearly as that of Lee et 
24 (1) al. (2006), dP/dt = +8.20 × 10 −8 days yr −1 . The residuals based on the ephemeris (Equation (2)) are plotted in the lower panel of Figure 5 , where no significant systematic variation can be traced. When considering only the photoelectric and CCD times of light minimum, we can obtain another quadratic ephemeris with the same method, M in.I =2456726.1851(2) + 0 d .48773886(5) × E + 4.08 × 10 −11 × E 2 .
The continuous period increase can be clearly seen in the upper panel of Figure 6 (solid line). The period increase rate dP/dt = +6.12 × 10 −8 days yr −1 was obtained, which is slightly smaller than that derived from all of the minimum data (Equation 3). The resulting residuals based on Equation (4) are plotted in the bottom panel of Figure 6 where no systematic deviations are evident. The orbital period's increase during the contact phase can be interpreted as the conservative mass transfer from the less massive component to the more massive one. The parameters of the system (e.g., the orbital period, the mass ratio, the degree of contact) are changing on thermal timescales of the components. The contact binary must undergo cycles around the state of marginal contact and it will evolve into a broken-contact binary at last as predictions of TRO theory (Lucy 1976 ; Flannery 1976 ; Robertson & Eggleton 1977) . Therefore, XZ Leo should evolve to the broken-contact phase as suggested by Qian (2001b) . Based on mass and angular momentum conservation and the equivalent radius of the Roche Lobe, we estimated the evolution time of XZ Leo from contact to broken-contact status. The equivalent radius of the Roche Lobe could be written as R cr2 = r cr2 A, and 
following Eggleton (1983) , where q is the mass ratio (q = M 2 /M 1 ) and A is the distance between two components. We conclude that this contact binary will evolve to broken-contact phase in 1.56 × 10 6 yr. Corresponding 0.06 M ⊙ will be transfered from the secondary to primary component and the mass ratio will be decreased to 0.304.
DISCUSSIONS AND CONCLUSIONS
We have presented VRI bands time-series CCD photometry of the contact binary XZ Leo. The light curve of this system has a long-lived asymmetric phenomenon in the placement of the light maxima from Hoffmann (1984) to Lee et al. (2006) to this paper. This long-lived phenomenon may be caused by mass transfer through the neck region. Moreover, this system has a continuous period increase (Qian 2001a; Lee et al. 2006) , the mass transfer will be from secondary component (less massive) to the primary component (more massive). A hot spot could be caused by the gas streams from the secondary component that impact the inner hemisphere of the primary component. Therefore, a hot spot was introduced in our theoretical light curve. Based on our new light curves of XZ Leo and the published radial velocity data (Rucinski & Lu (1999) ), we carried out a detailed light curve analysis for this system using the Wilson-Devinney (W-D) code. A good fit to the observations was obtained with binary mode 3 under a hot-spot on the primary component near the neck region of the common envelope. The photometric solutions reveal that XZ Leo is an Atype system with a degree of contact of f=24(±1)% . The effective temperatures of the components show that it is a hot contact binary with a small difference temperature of ∆(T 1 − T 2 ) = 179K. By combining our photometric solutions with radial velocity curves derived by Rucinski & Lu (1999) , the absolute parameters of XZ Leo were computed and the results are listed in Table 5 . To investigate the period variations of XZ Leo, all available times of light minimum were collected. Finally, 234 times of light minimum were selected, where 128 came from the photoelectric and CCD observation. By combining our new times of minimum light with all available timings, the new O-C diagrams of XZ Leo were analyzed, which reveals that the period of XZ Leo is increasing continuously at a rate of dP/dt = +8.15 × 10 −8 days yr −1 with the whole data. To obtain a more accurate period change, we used only the photoelectric and CCD data with the same method. The continuous period increase of dP/dt was also presented and the period increase rate of dP/dt = +6.12×10
−8 days yr −1 was obtained, which is slightly smaller than that derived from all existing data. The continuous period increase can be explained by mass transfer from the secondary (the less massive component) to the primary component (the more massive component), which is in agreement with the predictions of thermal relaxation oscillation (TRO Theory). The TRO theory suggests that the evolution of W UMa stars must undergo oscillations around the status of contact and non-contact. This indicates that the contact binary XZ Leo is in an expanding TRO state before broken-contact phase at present, as suggested by Qian (2001a) . By considering conservative mass transfer, a calculation with the well-known equation,
leads to a mass transfer rate of dM 2 /dt = 3.92 × 10 −8 M ⊙ yr −1 . This will cause the mass of the secondary component and hence the mass ratio to decrease. Conclusively, the contact binary of XZ Leo will evolve to broken-contact state. Based on mass and angular momentum conservations, the time of evolution from contact to broken-contact state was estimated to be 1.56 × 10 6 yr. About 0.06 M ⊙ will be transfered from the secondary to the primary component and the mass ratio q will decrease from 0.348 to 0.304.
